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(54) Hybrid car and dynamo-electric machine 

(57) The invention relates to a hybrid drive type 
vehicle having a permanent magnet type synchronous 
motor which can provide high torque characteristics in 
low revolution speed range of the engine and high 
power generation characteristics at high revolution 
speed range of the engine. The hybrid drive type vehicle 
includes an electric rotary machine (2) being formed 
with a stator and a rotor (20). A field magnet (21 ) of the 
rotor includes a first field magnet (21 A) and a second 

to I* 2 y A f3 
(* ft* 



field magnet (21 B). The first and second field magnets 
(21 A, 21 B) oppose with a magnetic pole of the stator 
and have a mechanism for varying a phase of a mag- 
netic pole resulting from combination of the first and 
second field magnets (21 A, 21 B) relative to the mag- 
netic pole of the first field magnet (21 A) depending upon 
direction of a torque of the rotor. 
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D scription 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates generally to a 5 
hybrid-type electric vehicle. More particularly, the inven- 
tion relates to an electric rotary machine for driving the 
hybrid drive type vehicle and generating an electric 
power, and a control method therefor. Further particu- 
larly, the invention relates to an electric rotary machine, 10 
in which a rotor of the electric rotary machine is con- 
structed with a first field magnet and a second field 
magnet, and which is variable of effective flex amount 
depending upon a direction of torque. 

15 

Description of the Related Art 

[0002] As a conventional hybrid drive type vehicle, 
there are (1 ) a series hybrid type driving a generator by 
an output torque of an engine as an internal combustion 20 
engine for obtaining an electric power and driving a 
electric rotary machine connected to a wheel axle by 
the electric power for driving a vehicle by a driving 
torque generated by the electric rotary machine, and (2) 
a parallel hybrid type, in which a part of the output 25 
torque of the engine is converted into an electric power 
and remaining output torque is transmitted to the wheel 
axle as driving torque for driving the vehicle by a driving 
torque of the electric rotary machine using the gener- 
ated electric power and the wheel axle driving torque of 30 
the engine. 

[0003] In the recent trend, in view point of sizes and 
costs for the motor and/or battery, attention is attracted 
to (2) the parallel hybrid driving type vehicle. For exam- 
ple, as disclosed in Japanese Patent Application Laid- 35 
Open No. 9-132042 (1997), a parallel hybrid drive type 
vehicle of the type wherein -the engine and two electric 
rotary machines are connected to respective shafts of a 
planetary gear mechanism and a driving force is distrib- 
uted depending upon load and revolution speed of the 40 
engine and respective electric rotary machines (this 
type will be hereinafter referred to as "two motor sys- 
tem"), has already marketed. 

[0004] However, such prior art requires two electric 
rotary machines and two inverter circuits for driving the 45 
electric rotary machines and newly arranging the plane- 
tary gear mechanism and thus requires significant 
reconstruction of the vehicle to cause significant 
increase of the cost associating therewith. 
[0005] Therefore, as shown in Japanese Patent so 
Application Laid-Open No. 7-298696 (1995), there has 
been proposed a system, in which an electric rotary 
machine is directly connected to a crankshaft of the 
engine for switching driving mode and generating mode 
in one electric rotary machine (this system will be 55 
referred to as "single motor system"). This single elec- 
tric rotary machine system is advantageous in view 
point of cost and capability of add-on the existing vehi- 



cle. 

[0006] In both of single motor system and two motor 
system, as the electric rotary machine, a permanent 
magnet field type electric rotary machine arranged a 
permanent magnet on a rotor or a squirrel cage induc- 
tion electric rotary machine, in which a secondary con- 
ductors made of aluminum alloy or copper ahoy are 
arranged on the rotor in cage-like fashion, may be 
employed. 

[0007] As set forth above, the single motor system 
is more advantageous than the two motor systems in 
viewpoint of the cost However, the following constraints 
are present even in the single motor system. 

(1 ) It has to be achieved both of a high torque char- 
acteristics in low revolution speed range upon start - 
ing-up of the engine and high-power generation 
characteristics in high revolution speed range. 

(2) A revolution speed to generate a torque (maxi- 
mum torque to be generated by the motor) upon 
starting-up of the engine is less than or equal to one 
tenth for a motor revolution speed at the allowable 
maximum revolution speed of the engine. 

(3) The present invention is directed to the electric 
rotary machine mounted on the vehicle, and as a 
power source, a battery charging and discharging 
within a voltage variation range centered at a cer- 
tain voltage, is employed. Therefore, if a voltage far 
beyond a charging voltage of the battery is 
charged, it is possible to damage the battery in the 
worst case. 

SUMMARY OF THE INVENTION 

[0008] The present invention has been worked out 
in view of the shortcoming in the prior art as set forth 
above. It is therefore an object to provide a hybrid drive 
type vehicle having a permanent magnet type synchro- 
nous motor obtainable of high torque characteristics in 
low revolution speed range of the engine and high 
power generation characteristics at high revolution 
speed range of the engine. According to one aspect of 
the present invention, a hybrid drive type vehicle can 
comprise: 

an internal combustion engine driving a vehicle; 

a battery charging and discharging an electric 
power; 

an electric rotary machine mechanically connected 
with a crankshaft of the internal combustion engine 
for starting up the internal combustion engine as 
driven by the electric power supplied from the bat- 
tery, and driven by revolution of the internal com- 
bustion engine for performing generation for 
charging the battery; 
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an inverter for controlling driving and generating of 
the electric rotary machine; 

a controller controlling the inverter, and/or 

revolution speed detecting means for detecting a 
revolution speed of the internal combustion engine 
or the electric rotary machine. 

[0009] The electric rotary machine can be formed 
with a stator having a primary winding and a rotor hav- 
ing a field magnet, the field magnet being constituted of 
a first field magnet alternately arranged mutually oppo- 
site magnetic poles in sequentially in circumferential 
direction and a second field magnet capable of causing 
relative angular displacement relative to the first field 
magnet and alternately arranged mutually opposite 
magnetic poles in sequentially in circumferential direc- 
tion, the first and second field magnets being opposing 
with a magnetic pole of the stator and having a mecha- 
nism for varying a phase of a magnetic pole resulting 
from combination of the first and second field magnets 
relative to the magnetic pole of the first field magnet 
depending upon direction of a torque of the rotor. 
[0010] The mechanism for varying the magnetic 
pole depending upon the direction of the torque can 
include means for aligning centers of the same mag- 
netic poles of the first and second field magnets by bal- 
ance between torque direction generated in the rotor 
and magnetic action between the first and second mag- 
nets and means for causing offset of the center of the 
same magnet poles of the first and second field mag- 
nets associating with generation of the torque gener- 
ated in the rotor in the opposite direction. 
[0011] Operation of one aspect of the invention as 
set forth above will be discussed. 
[0012] In Fig. 6, the characteristics of an effective 
flux relative to a rotational angular velocity of the perma- 
nent magnet type synchronous electric rotary machine, 
an induced electromotive force, and a terminal voltage 
are shown. 

[001 3] An induced electromotive force E Q of the per- 
manent magnet type synchronous electric rotary 
machine is determined by a constant magnetic flux <P 
generated by the permanent magnet and rotational 
angular velocity co of the electric rotary machine. 
Namely, as shown in Fig. 6, when the rotational angular 
velocity co of the electric rotary machine (revolution 
speed) is increased, the induced electromotive force E 0 
of the electric rotary machine is proportionally 
increased. However, as an essential condition in mount- 
ing on the vehicle is charging of the battery. In order to 
charge the battery, the induced electromotive force to 
be generated in the electric rotary machine has to be 
suppressed to be lower than or equal to a battery 
charge voltage so as not to damage the battery. There- 
fore, in the permanent magnet type synchronous elec- 
tric rotary machine, it requires to perform weakening 



field control for reducing magnetic flux generated by the 
permanent magnet in range of the revolution speed 
higher than or equal to a predetermined value. 

[0014] Since the induced electromotive force is 

5 increased in proportion to the rotational angular velocity, 
current for weakening field control has to be increased. 
Therefore, a large current has to flow through the coil as 
the primary winding to inherently cause heating of the 
coil. Therefore, efficiency of the electric rotary machine 

10 is lowered in the high revolution speed range to possibly 
cause demagnetization or so forth of the permanent 
magnet due to heating beyond cooling capacity. 
[0015] Therefore, according to one aspect of the 
present invention, the first field magnet and the second 

is field magnet of the rotor of the electric rotary machine 
are arranged coaxial ly for varying the centers of the 
magnetic poles of the first and second field magnets 
depending upon the direction of the rotational torque so 
that the centers of the same magnetic poles of the first 

20 and second field magnets are aligned upon serving as 
an electric motor in the low revolution speed range, 
such as upon starting up of the engine or the like to pro- 
vide large effective flux amount by the permanent mag- 
net opposing to the magnetic poles of the stator to attain 

25 high torque. Next, upon serving as the generator, when 
the rotating direction of the rotor is the same, the torque 
to be applied to the rotor becomes opposite to that 
applied upon serving as the electric motor to cause off- 
set of the centers of the same magnetic poles of the first 

30 and second field magnets to reduce effective flux 
amount by the permanent magnet opposing the mag- 
netic poles of the stator to attain weakening field effect 
to obtain high power generation characteristics in high 
revolution speed range. 

35 [0016] In the preferred construction, the electric 
rotary machine serves as an electric motor at low revo- 
lution speed range and having means for aligning cent- 
ers of the same magnetic poles of the first and second 
field magnets by balance between torque direction gen- 

40 erated in the rotor and magnetic action between the first 
and second magnets, and serves as a generator at high 
revolution speed range and having means for causing 
offset of the center of the same magnet poles of the first 
and second field magnets associating with generation 

45 of the torque generated in the rotor in the opposite 
direction. Also, the electric rotary machine serves as an 
electric motor at low revolution speed range and having 
means for aligning the first and second field magnets at 
an initial position by balance between torque direction 

so generated in the rotor and magnetic action between the 
first and second magnets, and serves as a generator at 
high revolution speed range and having means for caus- 
ing offset of the center of the same magnet poles of the 
first and second field magnets associating with genera- 

55 tion of the torque generated in the rotor in the opposite 
direction, and the mechanism for varying the cent r of 
the magnetic pole associating with variation of the 
torque direction is constructed by rigidly securing the 
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first magnet on a shaft and separating the second field 
magnet from the shaft, and the shaft and the second 
field magnet are permitted to cause relative angular off- 
set within an angular range corresponding to circumfer- 
ential length of one magnetic pole for causing offset of* 5 
the center of the poles of the first field magnet and the 
center of the poles of the second field magnet. A stop- 
per may be provided at a position away from the side 
surface of the second field magnet. A serve mechanism 
may be provided for displacing the stopper in parallel to 10 
the shaft depending upon revolution speed. 

[0017] According to another aspect of the present 
invention, an electric rotary machine can comprise: 

a stator having a primary winding and a rotor having 75 
a field magnet, the field magnet being constituted of 
a first field magnet alternately arranged mutually 
opposite magnetic poles in sequentially in circum- 
ferential direction and a second field magnet capa- 
ble of causing relative angular displacement 20 
relative to the first field magnet and alternately 
arranged mutually opposite magnetic poles in 
sequentially in circumferential direction, the first 
and second field magnets being opposing with a 
magnetic pole of the stator and having a mecha- 25 
nism for varying a phase of a magnetic pole result- 
ing from combination of the first and second field 
magnets relative to the magnetic pole of the first 
field magnet depending upon direction of a torque 
of the rotor. 30 

[0018] The mechanism for varying the magnetic 
pole depending upon the direction of the torque can 
include means for aligning centers of the same mag- 
netic poles of the first and second field magnets by bal- 35 
ance between torque direction generated in the rotor 
and magnetic action between the first and second mag- 
nets and means for causing offset of the center of the 
same magnet poles of the first and second field mag- 
nets associating with generation of the torque gener- 40 
ated in the rotor in the opposite direction. 
[001 9] The mechanism for varying the center of the 
magnetic pole associating with variation of the torque 
direction may be constructed by rigidly securing the first 
magnet on a shaft and separating the second field mag- 45 
net from the shaft, and the shaft is formed with a 
threaded portion serving as a bolt and an inner periph- 
ery of the second field magnet being formed with a 
thread for serving as a nut for connection in thread 
engagement, and a stopper is provided at a position so 
away from the side surface of the second field magnet, 
and a serve mechanism for displacing the stopper in 
parallel to the shaft depending upon revolution speed. 

BRIEF DESCRIPTION OF THE DRAWINGS 55 

[0020] The present invention will be understood 
more fully from the detailed description given hereinaf- 



ter and from the accompanying drawings of the pre- 
ferred embodiment of the present invention, which, 
however, should not be taken to be limitative to the 
invention, but are for explanation and understanding 
only. 

[0021] In the drawings: 

Fig. 1 A is a perspective view showing a layout of an 
electric rotary machine and an engine in the pre- 
ferred embodiment of a hybrid drive type vehicle 
according to the present invention; 
Fig. 1 B is a schematic block diagram showing con- 
nection between the engine and the electric rotary 
machine; 

Fig. 2 is a diagrammatic illustration showing a case 

where a center of the same pole of the rotor of the 

electric rotary machine of Fig. 1 is offset; 

Fig. 3 is a diagrammatic illustration showing a case 

where a center of the same pole of the rotor of the 

electric rotary machine of Fig. 1 is aligned; 

Fig. 4 is a block diagram showing a power source 

system of the electric rotary machine of Fig. 1 ; 

Fig. 5 is a block diagram showing a control system 

of the electric rotary machine of Fig. 1 ; 

Fig. 6 is a chart showing variation characteristics 

relative to rotational angular velocity of the electric 

rotary machine of Fig. 1 ; 

Fig. 7 is an illustration showing another embodi- 
ment of the electric rotary machine according to the 
present invention; 

Fig. 8 is a genera! illustration of a rotor of the elec- 
tric rotary machine of Fig. 7; 
Fig. 9 A is a perspective view showing a layout of an 
electric rotary machine and an engine in another 
embodiment of a hybrid drive type vehicle accord- 
ing to the present invention; 

Fig. 9B is a schematic block diagram showing con- 
nection between the engine and the electric rotary 
machine; and 

Fig. 10 is a general illustration of a rotor of the elec- 
tric rotary machine of another embodiment of the 
present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0022] The present invention will be discussed 
hereinafter in detail in terms of the preferred embodi- 
ment of the present invention with reference to the 
accompanying drawings. In the following description, 
numerous specific details are set forth in order to pro- 
vide a thorough understanding of the present invention. 
It will be obvious, however, to those skilled in the art that 
the present invention may be practiced without these 
specific details. In other instance, well-known structure 
are not shown in detail in order to avoid unnecessary 
obscurity of the present invention. 
[0023] Figs. 1 A and 1 B show a layout of the pre- 
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ferred embodiment of a permanent magnet type syn- 
chronous electric rotary machine (direct connection 
type) according to the present invention. The preferred 
embodiment of a permanent magnet type synchronous 
electric rotary machine 2 is arranged between an 
engine 1 as an internal combustion engine for generat- 
ing a driving force of a vehicle and a power transmission 
3 of the vehicle. A crankshaft (not shown) of the engine 

1 and a shaft (shaft 22 of a rotor in Fig. 2) of the perma- 
nent magnet type synchronous electric rotary machine 

2 are connected directly or mechanically via a speed 
changer constructed by a planetary gear speed 
reducer. 

[0024] On the other hand, the shaft of the perma- 
nent magnet type synchronous electric rotary machine 
2 and an input shaft of the power transmission 3 are 
directly connected via a clutch (not shown) or a torque 
converter (not shown) as a fluid coupling shutting off a 
driving force. 

[0025] By constructing as set forth above, by oper- 
ating the clutch or torque converter, the shown embodi- 
ment of the permanent magnetic type synchronous 
electric rotary machine 2 can start-up the engine 1. 
After starting up the engine 1 , by operating the clutch 
and the torque converter, a driving force of the engine 1 
can be transmitted to the input shaft of the power trans- 
mission 3. In conjunction therewith, driving forces of the 
engine 1 and the permanent magnet type synchronous 
electric rotary machine 2 are transmitted to the input 
shaft of the power transmission 3. 
[0026] On the other hand, the permanent magnet 
type synchronous electric rotary machine 2 is electri- 
cally connected to a battery 5 via an inverter 4 for serv- 
ing as an electric motor as assisting starting up of the 
engine 1. 

[0027] Upon power generation, an electric force 
generated in the permanent magnet type synchronous 
electric rotary machine 2 is converted into a direct cur- 
rent by the inverter 4 for charging the battery 5. 
[0028] Fig. 2 shows general construction showing 
the case where a center of the same pole of the rotor of 
the electric rotary machine of Fig. 1 is offset. On an iron 
core 10 of a stator, armature coils 1 1 are coiled within 
slots. The iron core 10 of the stator is shrink-fitted in a 
housing 13 which is formed with a cooling water pas- 
sage 12 for flowing a cooling water therein. Here, secur- 
ing method of the stator iron core 1 0 and the housing 1 3 
is not limited to sh rink-fitting but can be pressure fitting 
or so forth. 

[0029] A permanent magnet embedded type rotor 
20 is formed with a first rotor 20A fixed on the shaft 22 
and a second rotor 20B separated from the shaft 22. Of 
course, the rotor can be not only the permanent magnet 
embedded type rotor but also a surface magnet type 
rotor. 

[0030] On the first rotor 20A, permanent magnets 
21 A having magnetic poles of alternate polarities are 
arranged in circumferential direction. Similarly, on the 



second rotor 20B, permanent magnets 21 B having 
magnetic poles of alternate polarities are arranged in 
circumferential direction. Field magnets of the first and 
second rotors are opposed to magnetic poles of the sta- 
5 tor. 

[0031] Inner periphery of the second rotor 20B is 
threaded to form a nut, and a corresponding portion of 
the shaft is also threaded to form a bolt for permitting 
mutual engagement between the second rotor 20B and 

io the shaft by thread engagement. 

[0032] On the other hand, for preventing the second 
rotor 20B from offsetting beyond a predetermined dis- 
placement magnitude from the center of the stator, a 
stopper 24 is provided at a position away from a side 

is surface of the second rotor 20B. Furthermore, a stopper 
driving actuator 25 serving a servo mechanism is pro- 
vided for shifting the stopper 24 in axial direction in par- 
allel to the shaft for controlling effective flux amount 
depending upon rotation speed. 

20 [0033] By constructing as set forth above, the effec- 
tive magnetic flux amount of the permanent magnet can 
be varied depending upon direction of the torque. 
[0034] Basically, in the electric rotary machine hav- 
ing the armature coil on the stator and the permanent 

25 magnet on the rotor, when the rotating direction of the 
rotor is the same either upon acting as the electric 
motor or as the generator, torques to be applied to the 
rotor is in the opposite direction upon acting as the elec- 
tric motor or as the generator. 

30 [0035] When the basic theory set forth above is 
applied to the preferred embodiment of the electric 
rotary machine according to the present invention, the 
following effects can be obtained. 
[0036] When the electric rotary machine is oper- 

35 ated as the electric motor at low revolution speed range, 
such as starting up of the engine or the like, the centers 
of the same magnetic pole of the first rotor 20A and the 
second rotor 20B are aligned to make the effective flux 
amount of the permanent magnet opposing the mag- 

40 netic pole of the stator maximum to obtain high torque 
characteristics, as shown in Fig. 3. 
[0037] Next, upon acting as the generator, when the 
rotating directions of the rotors are the same, directions 
of the torques to be applied to the rotors are opposite to 

45 the case acting as the electric motor. Then the second 
rotor 20B is rotated relative to the shaft 22 in loosening 
direction to move away from the first rotor 20A to widen 
a distance between the first rotor 20A and the second 
rotor 20B to cause offset of the center of the same poles 

so to reduce effective flux amount of the permanent mag- 
net opposing the magnetic pole of the stator. Thus, field 
weakening effect can be achieved to obtain high power 
generation characteristics in the high revolution speed 
range. 

55 [0038] Fig. 4 is a block diagram of a power source 
system of th electric rotary machine of Fig. 1 . 
[0039] Three-phase terminal of the permanent 
magnet type synchronous electric rotary machine 2 
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mechanically connected to the engine 1 , is electrically 
connected to the inverter 4. A direct current side termi- 
nal of the inverter 4 is connected to the battery 5 and to 
other high voltage system. On the oth r hand, in the 
shown embodiment, low voltage system for a head 
lamp, audio and so forth is provided. Power supply for 
the low voltage system is performed by lowering the 
voltage from the high voltage system by DC-DC con- 
verter 30 for supplying to a low voltage battery 9 and 
other low voltage drive devices (head lamp, audio and 
so forth). Depending upon drive mode of the vehicle, the 
permanent magnetic type synchronous electric rotary 
machine 2 is switched between driving mode and gen- 
erating mode. Switching of mode and supplying of a 
command value to the permanent magnet type synchro- 
nous electric rotary machine 2 is performed by perform- 
ing arithmetic operation and judgment by a controller 1 1 
for outputting the command value to the inverter 4 for 
controlling the permanent magnet type synchronous 
electric rotary machine 2. On the other hand, a control- 
ler 31 performs cooperative control of the permanent 
magnet type synchronous electric rotary machine 2 and 
the engine 1 by making the command value output to 
the inverter 4 common with an engine controller 32 con- 
trolling a throttle valve open degree, fuel injection 
amount and so forth of the engine through communica- 
tion, direct memory access or so forth. 

[0040] Next, discussion will be given for control per- 
formed in the controller 31 . 

[0041] Fig. 5 is a block diagram showing a control 
system for the electric rotary machine of Fig. 1 . 
[0042] At first, on the basis of information (battery 
remaining capacity, drive mode, throttle valve open 
degree and so forth) from the engine controller (32 of 
Fig. 4) and independently installed sensor and revolu- 
tion speed of the permanent magnet type synchronous 
electric rotary machine 2, a driving condition judging 
portion 201 makes judgment of driving operation of the 
permanent magnet type synchronous electric rotary 
machine 2 to output a current command value. The cur- 
rent command value output from the driving condition 
judging portion 201 is input to a current control block 
203 performing anti-interference control or so forth with 
reference to a difference with an instantaneous current 
value of the permanent magnet type synchronous elec- 
tric rotary machine 2 through a PID compensation block 
202. 

[0043] Output of the current control block 203 is 
converted into a three-phase alternating current to con- 
trol the permanent magnet type synchronous electric 
rotary machine 2 via the inverter. On the other hand, the 
currents of respective phases (currents of at least two 
phases) of the permanent magnet type synchronous 
electric rotary machine 2 and revolution speed (or 
engine revolution speed, or in the alternative, multiplied 
value of th engine revolution speed) are detected. The 
current in each phase is converted into a biaxial current 
by a biaxial converter block 205 for feeding back to the 
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current command value. On the other hand, the revolu- 
tion speed is input to the driving condition judging por- 
tion 201 to be information for judgment of driving 
condition. 

5 [0044] Fig. 7 shows another embodiment of the 
electric rotary machine according to the present inven- 
tion. 

[0045] The shown embodiment is characterized by 
a mechanism permitting angular displacement of the 
w second rotor for angle 9 instead of providing the thread 
23 in the second rotor shown in Fig. 2. 
[0046] Fig. 8 is general illustration of the rotor of the 
electric rotary machine of Fig. 7. 

[0047] In place of the threaded portion of the see- 
rs ond rotor shown in Fig. 2, a gear teeth like toothing is 
provided on the shaft 22 and complementary toothing is 
formed on the inner periphery of the second rotor 20B 
for engagement with the shaft. The pitch of the teeth is 
greater than the width of the teeth so that the shaft 
20 inserted into the second rotor 20B is permitted to cause 
relative angular displacement for the predetermined 
angle 0. Furthermore, by disposing a spring 26 and a 
dumper 27 between mating teeth and groove for damp- 
ing abrupt collision. 
25 [0048] Fig. 9 shows a layout of the electric rotary 
machine and the engine of another embodiment of the 
present invention (transverse type). The engine 1 and 
the permanent magnet type synchronous electric rotary 
machine 2 are connected by a metal belt 7 wound 
30 around a crank pulley 6 and a pulley 8 rigidly secured on 
the shaft of the permanent magnet type synchronous 
electric rotary machine 2. It should be appreciated that 
the crank pulley 6 and the pulley 8 may also be con- 
nected by a chain, cogged belt and the like. Also, in 
35 place of the crank pulley 6 and the pulley 8, a gear may 
also be used. 

[0049] Advantage of the construction as illustrated 
in Fig. 9 is presence of a speed change mechanism 
having a speed ratio between the engine 1 and the per- 

40 manent magnet type synchronous electric rotary 
machine 2 by the crank pulley 6, the metal belt 7 and the 
pulley 8 interposed between the engine 1 and the per- 
manent magnet type synchronous electric rotary 
machine 2. For example, by setting the radius ratio of 

45 the crank pulley 6 and the pulley 8 at 2 : 1 , the perma- 
nent magnet type synchronous electric rotary machine 
2 is driven at a speed double of the engine 1 . Associat- 
ing with this, upon starting up of the engine 1 , the per- 
manent magnet type synchronous electric rotary 

so machine 2 is required to generate a half of the torque 
required for starting up of the engine 1 . Therefore, it 
becomes possible to form the permanent magnet type 
synchronous electric rotary machine 2 compact. Other 
electrical connection and function are the same as 

55 those discussed in connection with Fig. 5. 

[0050] The permanent magnet type synchronous 
electric rotary machine according to the present inven- 
tion is constructed by dividing the rotor into the first field 
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magnet and the second field magnet arranged coaxially 
and for varying the center of the magnetic poles of the 
first and second field magnets to vary the effective flux 
amount by the permanent magnet opposing to the sta- 
tor magnetic pole. 5 

[0051] Although the present invention has been 
illustrated and described with respect to exemplary 
embodiment thereof, it should be understood by those 
skilled in the art that the foregoing and various other 
changes, omission and additions may be made therein 10 
and thereto, without departing from the spirit and scope 
of the present invention. Therefore, the present inven- 
tion should not be understood as limited to the specific 
embodiment set out above but to include all possible 
embodiments which can be embodied within a scope 15 
encompassed and equivalent thereof with respect to the 
feature set out in the appended claims. 
[0052] For instance, while the foregoing discussion 
has been given for the permanent magnet type synchro- 
nous electric rotary machine having four magnets, the 20 
present invention is applicable for the electric rotary 
machine having two or six magnets. For example, Fig. 
10 shows the case where the present invention is 
applied for the, permanent magnet type synchronous 
electric rotary machine having eight magnets. Needless 25 
to say, the rotor may be either embedded magnet type 
or surface magnet type. 

Claims 

30 

1. A hybrid drive type vehicle comprising: 

an internal combustion engine (1) driving a 
vehicle; 

a battery (5) charging and discharging an elec- 35 
trie power; 

an electric rotary machine (2) mechanically 
connected with a crankshaft of said internal 
combustion engine (1) for starting up said inter- 
nal combustion engine (1) as driven by the 40 
electric power supplied from said battery (5), 
and driven by revolution of said internal com- 
bustion engine (1 ) for performing generation for 
charging said battery (5); 

an inverter (4) for controlling driving and gener- 45 
ating of said electric rotary machine; 
a controller (31) controlling said inverter (4); 
revolution speed detecting means for detecting 
a revolution speed of said internal combustion 
engine (1) or said electric rotary machine (2); so 
said electric rotary machine (2) being formed 
with a stator having a primary winding and a 
rotor (20) having a field magnet (21), said field 
magnet being constituted of a first field magnet 
(21 A) alternately arranged mutually opposite 55 
magnetic poles in sequentially in circumferen- 
tial direction and a second field magnet (21 B) 
capable of causing relative angular displace- 



ment relative to said first field magnet (21 A) 
and alternately arranged mutually opposite 
magnetic poles in sequentially in circumferen- 
tial direction, said first and second field mag- 
nets (21 A, 21 B) being opposing with a 
magnetic pole of said stator and having a 
mechanism for varying a phase of a magnetic 
pole resulting from combination of said first and 
second field magnets (21 A, 21 B) relative to the 
magnetic pole of said first field magnet (21 A) 
depending upon direction of a torque of the 
rotor, 

said mechanism for varying the magnetic pole 
depending upon the direction of the torque 
including means for aligning centers of the 
same magnetic poles of said first and second 
field magnets (21 A, 21 B) by balance between 
torque direction generated in the rotor (20) and 
magnetic action between said first and second 
magnets (21 A, 21 B) and means for causing off- 
set of the center of the same magnet poles of 
said first and second field magnets (21 A, 21 B) 
associating with generation of the torque gen- 
erated in the rotor (20) in the opposite direction. 

2. A hybrid drive type vehicle as set forth in claim 1 , 
wherein said electric rotary machine (2) serves as 
an electric motor at low revolution speed range and 
having means for aligning centers of the same mag- 
netic poles of said first and second field magnets 
(21 A, 21 B) by balance between torque direction 
generated in the rotor and magnetic action between 
said first and second magnets, and serves as a 
generator at high revolution speed range and hav- 
ing means for causing offset of the center of the 
same magnet poles of said first and second field 
magnets (21 A, 21 B) associating with generation of 
the torque generated in the rotor (20) in the oppo- 
site direction. 

3. A hybrid drive type vehicle as set forth in claim 1 , 
wherein said electric rotary machine (2) serves as 
an electric motor at low revolution speed range and 
having means for aligning said first and second field 
magnets (21 A, 21 B) at an initial position by balance 
between torque direction generated in the rotor (20) 
and magnetic action between said first and second 
magnets (21 A, 21 B), and serves as a generator at 
high revolution speed range and having means for 
causing offset of the center of the same magnet 
poles of said first and second field magnets (21 A, 
21 B) associating with generation of the torque gen- 
erated in the rotor (20) in the opposite direction, and 

said mechanism for varying the center of the 
magnetic pole associating with variation of the 
torque direction is constructed by rigidly secur- 
ing said first magnet (21 A) on a shaft (22) and 
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separating said second field magnet (21 B) 
from said shaft (22), and said shaft (22) and 
said second field magnet (21 B) are permitted 
to cause relative angular offset within an angu- 
lar range corresponding to circumferential 5 
length of one magnetic pole for causing offset 
of the center of the poles of the first field mag- 
net (21 A) and the center of the poles of the sec- 
ond field magnet (21 B). 

w 

4. A hybrid drive type vehicle as set forth in claim 2, 
wherein said electric rotary machine (2) serves as 
an electric motor at low revolution speed range and 
having means for aligning said first and second field 
magnets (21 A, 21 B) at an initial position by balance is 
between torque direction generated in the rotor and 
magnetic action between said frrst and second 
magnets (21 A, 21 B), and serves as a generator at 
high revolution speed range and having means for 
causing offset of the center of the same magnet 20 
poles of said first and second field magnets (21 A, 

21 B) associating with generation of the torque gen- 
erated in the rotor (20) in the opposite direction, and 

said mechanism for varying the center of the 25 
magnetic pole associating with variation of the 
torque direction is constructed by rigidly secur- 
ing said first magnet (21 A) on a shaft (22) and 
separating said second field magnet (21 B) 
from said shaft (22), and said shaft (22) and 30 
said second field magnet (21 B) are permitted 
to cause relative angular offset within an angu- 
lar range corresponding to circumferential 
length of one magnetic pole for causing offset 
of the center of the poles of the first field mag- 35 
net (2 1 A) and the center of the poles of the sec- 
ond field magnet (21 B). 

5. A hybrid drive type vehicle as set forth in claim 1, 
wherein said electric rotary machine (2) serves as 40 
an electric motor at low revolution speed range and 
having means for aligning said first and second field 
magnets at an initial position by balance between 
torque direction generated in the rotor (20) and 
magnetic action between said first and second 45 
magnets (21 A, 21 B), and serves as a generator at 
high revolution speed range and having means for 
causing offset of the center of the same magnet 
poles of said first and second field magnets (21 A, 

21 B) associating with generation of the torque gen- so 
erated in the rotor in the opposite direction, and 

said mechanism for varying the center of the 
magnetic pole associating with variation of the 
torque direction is constructed by rigidly secur- 55 
ing said first magnet (21 A) on a shaft (22) and 
separating said second field magnet (21 B) 
from said shaft (22), and said shaft (22) is 



formed with a threaded portion serving as a 
bolt and an inner periphery of said second field 
magnet (21 B) being formed with a thread for 
serving as a nut for connection in thread 
engagement, and a stopper (24) is provided at 
a position away from the side surface of said 
second field magnet (21 B). 

6. A hybrid drive type vehicle as set forth in claim 2, 
wherein said electric rotary machine serves as an 
electric motor at low revolution speed range and 
having means for aligning said first and second field 
magnets (21 A, 21 B) at an initial position by balance 
between torque direction generated in the rotor (20) 
and magnetic action between said first and second 
magnets (21 A, 21 B), and serves as a generator at 
high revolution speed range and having means for 
causing offset of the center of the same magnet 
poles of said first and second field magnets (21 A, 
21 B) associating with generation of the torque gen- 
erated in the rotor in the opposite direction, and 

said mechanism for varying the center of the 
magnetic pole associating with variation of the 
torque direction is constructed by rigidly secur- 
ing said first magnet (21A) on a shaft (22) and 
separating said second field magnet (21 B) 
from said shaft (22), and said shaft (22) is 
formed with a threaded portion serving as a 
bolt and an inner periphery of said second field 
magnet (21 B) being formed with a thread for 
serving as a nut for connection in thread 
engagement, and a stopper (24) is provided at 
a position away from the side surface of said 
second field magnet (21 B). 

7. A hybrid drive type vehicle as set forth in claim 5, 
wherein said mechanism for varying the center of 
the magnetic pole associating with variation of the 
torque direction is constructed by rigidly securing 
said first magnet (21 A) on a shaft (22) and separat- 
ing said second field magnet (21 B) from said shaft 
(22), and said shaft (22) is formed with a threaded 
portion serving as a bolt and an inner periphery of 
said second field magnet (21 B) being formed with a 
thread for serving as a nut for connection in thread 
engagement, and a stopper (24) is provided at a 
position away from the side surface of said second 
field magnet (21 B), and a serve mechanism (25) is 
provided for displacing said stopper (24) in parallel 
to said shaft depending upon revolution speed. 

8. A hybrid drive type vehicle as set forth in claim 6, 
wherein said mechanism for varying the center of 
the magnetic pole associating with variation of the 
torque direction is constructed by rigidly securing 
said first magnet (21 A) on a shaft (22) and separat- 
ing said second field magnet (21 B) from said shaft 
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(22), and said shaft (22) is formed with a threaded 
portion serving as a bolt and an inner periphery of 
said second field magnet (21 B) being formed with a 
thread for serving as a nut for connection in thread 
engagement, and a stopper (24) is provided at a 
position away from the side surface of said second 
field magnet (21 B), and a serve mechanism is pro- 
vided for displacing said stopper in parallel to said 
shaft depending upon revolution speed. 

9. An electric rotary machine comprising: 

a stator having a primary winding and a rotor 

(20) having a field magnet, said field magnet 

(21) being constituted of a first field magnet 
(21 A) alternately arranged mutually opposite 
magnetic poles in sequentially in circumferen- 
tial direction and a second field magnet (21 B) 
capable of causing relative angular displace- 
ment relative to said first field magnet (21 A) 
and alternately arranged mutually opposite 
magnetic poles in sequentially in circumferen- 
tial direction, said first and second field mag- 
nets (21 A, 21 B) being opposing with a 
magnetic pole of said stator and having a 
mechanism for varying a phase of a magnetic 
pole resulting from combination of said first and 
second field magnets (21 A, 21 B) relative to the 
magnetic pole of said first field magnet (21 A) 
depending upon direction of a torque of the 
rotor, 
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displacing said stopper (24) in parallel to said shaft 
(22) depending upon revolution speed. 



said mechanism for varying the magnetic pole 
depending upon the direction of the torque 
including means for aligning centers of the 35 
same magnetic poles of said first and second 
field magnets by balance between torque 
direction generated in the rotor and magnetic 
action between said first and second magnets 
(21 A, 21 B) and means for causing offset of the 40 
center of the same magnet poles of said first 
and second field magnets associating with 
generation of the torque generated in the rotor 
in the opposite direction. 

45 

10. An electric rotary machine as set forth in daim 9, 
wherein said mechanism for varying the center of 
the magnetic pole associating with variation of the 
torque direction is constructed by rigidly securing 
said first magnet (21 A) on a shaft (22) and separat- so 
ing said second field magnet (21 B) from said shaft 
(22), and said shaft (22) is formed with a threaded 
portion serving as a bolt and an inner periphery of 
said second field magnet (21 B) being formed with a 
thread for serving as a nut for connection in thread 55 
engagement, and a stopper (24) is provided at a 
position away from the side surface of said second 
field magnet (21 B), and a serve mechanism (25) for 
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